Surgery is an increasingly common and expensive mode of medical intervention. The ethical dimensions of the surgeon-patient relationship, including respect for personal autonomy and informed consent, are much discussed; but broader equity issues have not received the same attention. This paper extends the understanding of surgical ethics by considering the nature of evidence in surgery and its relationship to a just provision of healthcare for individuals and their populations. 
interventions to the individual needs of patients, but the effects of surgery are not limited to the treatment of patients one-by-one. Surgical services must also meet the needs of populations and serve the public good. They should be accessible to people on the basis of clinical need, and they must be as safe and effective as possible. Patients, providers and payers all need information on how, when and where it is best to seek and deliver surgical care.
While surgical interventions themselves are not the kinds of things that can be just or unjust, the provision of surgical services can be unjust, insofar as actions on the part of surgeons and health service providers can generate, exacerbate or ameliorate health inequities. 2 Such health inequities may arise from uneven distribution of surgical services, a more general lack of access to effective surgical interventions, or from other causes such as skewing of service provision secondary to commercial interests. In order to identify and avoid such injustices, we require comprehensive evidence about surgical interventions, including patient outcomes, access to services and patterns of distribution.
The claim that decisions about evidence have ethical implications is not new. 3 Choices about the collection of and reliance on evidence can clearly affect ethical issues such as how practice should be organized, how resources should be distributed, and who should be the beneficiaries of research. 4 However, the issue of what constitutes good evidence in surgery remains contested, and the relevance of these debates for justice has not been explored. Claims about surgical evidence can concern efficacy or effectiveness. 5 Each provides different types of knowledge about the usefulness, safety and effects of surgical interventions on individuals and populations. 6 The difference between evidence of efficacy and evidence of effectiveness is directly relevant to justice in surgery.
Efficacy refers to a measurable difference made by the intervention in an experimental population. Effectiveness refers to the difference it makes in real patients' lives. By far the majority of surgical research concerns efficacy, not effectiveness. We argue that for both ethical and pragmatic reasons, effectiveness matters. Without the generation and collection of effectiveness data, we risk being oblivious to inequities in access, and in outcomes, and therefore liable to exacerbating them. 7 To achieve justice in surgical practice, the best evidence must be available to clinicians, who need to understand, interpret and act on it.
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The best evidence includes effectiveness, which should play a greater role in the way surgeons choose to generate evidence and use it to guide their practices.
Ethical evidence: effectiveness not efficacy
In this section we argue that while studies of efficacy are needed to assess the utility of a surgical intervention, such studies do not provide all the evidence necessary for just provision of surgical services. Interventions are efficacious if the treatment produces the anticipated outcome under ideal conditions. In efficacy studies, (sometimes called 'explanatory' trials) surgeons typically test the novel device and/or technique in small relatively uniform groups of patients who meet specific eligibility criteria, to ensure that the results are not confounded by uncontrolled variables. For example, patients with common co-morbidities are generally excluded from these trials. Trials in which patients are randomised to receive either the study intervention or the comparator (randomised controlled trials -RCTs) are considered to yield the strongest evidence of efficacy. Efficacy studies follow basic research, animal trials, or both and are usually conducted in specialist referral centres by one or two surgeons who might well have been involved in developing the technology or technique.
Claims about the efficacy of an intervention are almost always based on measurements of specific outcomes such as symptom scores, laboratory data, time-to-disease-recurrence, and mortality. These endpoints are immediate and intermediate measures of the effects of the intervention -surrogates rather than measures of overall health outcomes. Notably, the outcome measures used in efficacy trials do not typically include standardised 'quality of life' assessments, or even measurements of functional capacity and patient satisfaction. These are described as soft endpoints. 9 Although evidence of efficacy from RCTs is generally regarded as the 'gold standard' for medical evidence, it does not exhaust the knowledge required for an evidence-based surgery, precisely because the excluded 'soft endpoints' matter to recipients of treatment.
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The conditions for efficacy studies differ considerably from the conditions under which ordinary patients will likely encounter the intervention. Typical patients in the wider community might well present the co-morbidities that were excluded from the study population. Trial participants must have the capacities to comply with research protocols, there may be age-related criteria and socially-based exclusions, such as fluency in English language, or having a fixed home address, but there are no such restrictions on ordinary patients. 11 The trial surgeons and their colleagues in the community may differ in their enthusiasm for and expertise in the intervention. The environment may differ, as a specialist or research centre will likely involve high staffing ratios, close attention to the protocols for Investigations into efficacy may be considered unjust with respect to selection for research trials; 12 however their effect upon wider inequities depends upon how efficacy results are applied to the provision of surgical services more broadly. For such services to be provided equitably, information about efficacy is not sufficient; information about effectiveness is also needed.
Effective interventions are those that result in a favourable outcome for patients with the index condition, in relation to variations in their capacities, preferences and context. 13 The focus of an inquiry about effectiveness is to determine the average outcomes for patients, in uncontrolled or 'real world' conditions. Evidence of effectiveness indicates how well a procedure produces the desired result (a beneficial effect) in ordinary practice, rather than in research. Effectiveness studies should be conducted in primary care environments where patients who have the targeted condition are usually seen and treated. 14 Studies of effectiveness are (or should be) conducted on the general population of surgical patients in all its diversity. They typically require widespread long term observation and collection of data; and for the results to be meaningful, data should pertain to 'everyday' surgeons practicing in general surgical units, rather than to results achieved by their colleagues who work in referral or research centres.
Studies of effectiveness typically focus on general health outcomes, rather than relying upon the symptom scores or laboratory data used to demonstrate efficacy. Therefore the sample size in effectiveness studies must be sufficiently large to detect small but important differences in people's health and quality of life. Data collected about the effectiveness of a specific procedure can also provide information about how much it will cost, and the influence of provider factors on outcomes.
Trials of efficacy and trials of effectiveness both provide relevant evidence for the just provision of surgical care. We may think of this as a stepwise process -climbing the evidence mountain. Evidence of efficacy is the first step -if the view is overwhelmingly negative, then the research intervention should be abandoned. If the view is promising, the next stage is to collect evidence of effectiveness in a pilot program, which will give us a view from higher up. 15 Here we can see whether the sunlit slopes predicted by efficacy studies are on the other side of an impenetrable chasm, or whether they are easily attainable. Ongoing monitoring and data collection can strengthen the knowledge base, leading to clearer views from ever higher evidentiary vantage points. Effectiveness studies are needed to take the step from knowledge that an intervention works "somewhere", to knowledge that "it will work for us". 17 Unfortunately however, the surgical literature displays a strong bias towards evidence of efficacy, typified by surgical RCTs. As a result, knowledge that a procedure or implant works "somewhere" is still presumed sufficient to justify its broad dissemination to other surgeons and other patients. These low evidentiary standards do not meet the needs of patients and the general public, although they may reflect the interests of stakeholders such as surgeons and device manufacturers. On this point, a comparison of two orthopaedic procedures shows the value of effectiveness data. simulations and its similarity to other approved devices. The De Puy product was promoted agressively to surgeons as a less invasive alternative treatment for osteoarthritis, specifically designed to meet the needs of younger patients who wanted to maintain a highly active lifestyle.
While the BHR has performed well since its market release with relatively few complications 18 , a significant number of patients with ASR © hips experienced 'catastrophic' problems within 2-5 years after implantation. 19 Complications included debilitating inflamation around the implant and heavy metal poisoning. With 93,000 units sold worldwide the ASR © was recalled in 2010; the ongoing consequences of its failure described by regulators as "a public health nightmare". 20 A number of medical opinion leaders have since argued that mandatory clinical trials for medical devices and a formal system of longitudinal data collection will limit the risks of similar events in the future. 21 22 23 Clearly the ASR © should have undergone some form of longitudinal clinical testing before its general release, but this case reveals a larger ethical problem. Given the availability of a well established and extensively tested treatment why should the benchmark for dissemination of a new procedure or device be set at the low standard of evidence of efficacy? Surely we would first wish to know that any replacement was as effective as the old one. As this knowledge can only be obtained in general surgical practice (rather than in specialist RCTs) new surgical treatments should be introduced in stages to minimize both the risk of harms to patients, and the risk of unproductive expenditure. As it stands the evidentiary and regulatory framework that permitted the general use of the ASR © hip served the needs of device manufacturers and surgeons, and not those of patients. Aside from allowing unacceptable and avoidable adverse outcomes, the provision of these surgical services meant that resources were directed away from an effective treatment. If the ASR © had been subjected to a study of effectiveness comparable to that undertaken in the BHR case, these unjust outcomes would have been averted.
Taking evidence of efficacy to be sufficient grounds for disseminating a new treatment will also fail to identify any potential problems with service delivery. A highly efficacious procedure "in the hands" of one surgical team, can be an ineffective and even harmful response to the same condition elsewhere due to inevitable variations in case complexity in the general population, diverse hospital and surgeon experience, and differences in the quality of equipment. In health services research and clinical epidemiology, knowledge of the efficacy of an intervention is only an obligatory passage point in the process of acquiring knowledge of its effectiveness. 24 Yet in surgery, rather than being recognised as the acme of surgical evidence, effectiveness studies are generally seen as an optional complement to the dissemination of new techniques and technologies to every-day surgical practice. 25 Rather than being a mandatory component of surgical research, evaluation of the effectiveness of specific practices and procedures is uncommon.
There are a number of reasons why this might be so. First, the concurrent and continuous evaluation of the effectiveness of surgical procedures is time consuming and resource intensive. When effectiveness data confirms efficacy data, collection of the former can appear to be wasted effort. Second, effectiveness data is messy; there are problems in accounting for and meaningfully analysing the effects of patient variation and co-morbidities on the results of complex treatment. It is difficult to use the results of population-based observational studies in decisions about individual patients; and it is not always clear how patient preferences should be incorporated and assessed. These points reflect some of the criticisms of EBM levelled by members of the surgical community. 26 Despite these concerns, effectiveness studies have contributed and continue to contribute to the equitable provision of surgical care. Publications from the Western Australian Quality in Surgical Care Project reveal the epistemic and normative value of population-based studies of surgical effectiveness. Early work focussed on the effectiveness of surgical interventions for abdominal aortic aneurysm (AAA) in Western Australia between 1985-94. At the time, AAA surgery was performed reluctantly in patients over 80 years, because of concerns about procedural risk and the marginal benefits for patients who may be nearing the end of their lives. Findings from the population study indicated that octogenarians should not automatically be excluded from surgical management, and that with careful case selection older patients with AAA may go on to enjoy many more years of life. 27 The study also highlighted a gender disparity in outcomes that needed immediate research attention. Later work found that anuerysms tend to rupture at a significantly smaller diameter in women than men, and that the current recommendations for AAA operation left women more exposed to catastrophic ruptures, and worse overall outcomes. 28 Soon afterwards the West Australian Health Service adopted a model for care for AAA that aimed to ensure that all patients with this condition "receive the right care, at the right time, by the right team and in the right place". 29 The key features of this program were the education of family doctors and the public to promote early detection and the elimination of gaps in service provision for high risk populations, managed through an integrated surveillance and intervention system. People are now more likely to receive the appropriate form of surgical care, rather than being denied access to treatment on the basis of presumptions about particular patient characteristics such as age or gender. This example shows some of the gaps that result from the uncritical application of the results of efficacy studies to the wider population, gaps that are invisible without comprehensive long term studies of effectiveness. Achieving justice for women and for octogenarians in access to appropriate treatment for AAA required effectiveness evidence.
Effectiveness studies can also contribute to just health care by identifying differences in outcomes across regions because of a lack of access to efficacious care. In this example, the known efficacious interventions for breast cancer were found to be of variable effectiveness, resulting in substantial inequities in outcomes for the treatment for breast cancer in Western Australia. 30 Women who were initially treated in non-metropolitan hospitals between 1982-2000 had a 50% greater chance of dying from breast cancer than women treated in metropolitan hospitals. When controlled for other factors, analysis indicated that this disparity arose because the efficacious protocol of care was not always delivered. The causes of this failure were mutifactorial but likely included differential access to intraoperative imaging technologies and appropriate adjuvant therapies (radio-and chemotherapy) for patients outside metropolitan areas, and, potentially, differences in the experience, level and approaches to treatment between rural and urban surgeons. 31 In this case, effectiveness tracked efficacy; the treatment protocol was good, but the problem was that women outside metropolitan regions did not receive the efficacious treatment. However, this inequity would have remained invisible, and/or the protocol may have been abandoned as ineffective, without the evidence generated by a longitudinal populationbased study of effectiveness. Thus achieving equity in breast cancer outcomes relied upon a study of effectiveness, which identified shortcomings in service delivery. 32 33 As well as investigating the transferability of efficicious treatments into the community setting, long term studies of effectiveness can help to identify barriers to providing effective care. Given that regulators and policymakers are increasingly reluctant to take action without first seeing 'good quality evidence', such measures are essential to ensure the just provision of surgical care. As the examples above illustrate, effectiveness data can be collected despite the challenges, and when such data are obtained, they can reveal issues of justice and fairness in healthcare. Other studies by the Quality in Surgical Care Project have drawn attention to the superiority of specific types of surgical intervention for obesity 34 and lower back pain 35 , thus providing further support for our claim that the just provision of surgical services requires such evidence.
Barriers to justice in surgery
The previous section discussed the importance of using effectiveness studies in order to supplement evidence gleaned from efficacy studies. To achieve the just provision of surgical care, effectiveness data are essential. However, improving the use of effectiveness data in guiding the provision of surgical care is but one of the steps needed for surgery to meet the requirements of justice. Barriers to justice in surgery may also be found within the surgical community and culture. These include the individualistic nature of surgery with its commitment to look after the patient "on the table"; the general disinclination of doctors to engage with the social determinants of health; and the lack of uptake of evidence in surgery.
In surgery, like much of clinical medicine, there is a commitment to the individual patient currently seeking care. Broader questions of access to care and resource allocation are often seen as managerial or political issues, rather than clinical issues. Despite the widespread acceptance of justice as an important principle of medical ethics, these issues are presumed beyond the responsibility of clinicians. 36 Accounts of surgical ethics seem to pay little attention to justice. Aside from periodic discussions about the ethical implications of cost constraints and rationing of services, concern for justice in surgery are typically focussed on protecting the individual from unequal treatment regardless of age, race or sex, rather than preventing health inequities across populations and communities. 37 Miles Little describes this focus on individual patients in surgical ethics, and the accompanying hesitancy of health care workers to consider resources or the effects of resource disparities -as "a defining element in ethical relationships". 38 Yet the examples provided in section 2 demonstrate that the ethical aspects of surgical practice go beyond doctor-patient relationships. Surgeons have responsibilities to individual patients, but they also have a collective responsibility to the general community.
Miles Little's observation points to the second barrier to justice in surgery: the reluctance of doctors to engage with broader issues concerning the nature and distribution of morbidity and mortality. It is widely recognised that the health of individuals and populations is largely determined by social factors, such as location, education, employment and so forth. However, there is evidence (from general practice rather than from surgical practice) that doctors have a limited range of responses in relation to obvious social inequities affecting their patients' health. These are:
1. Blaming the victim for their disadvantage;
2. Feeling sympathy but excluding social problems from their scope of practice;
3. Feeling powerless about social forces affecting the lives of patients; and 4. Attempting to address social disadvantage in a piece meal way, as best they can.
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Furler and Palmer, commenting on these findings, conclude that together these responses foster collective silence as to how physicians should respond to socially-mediated health problems. This silence is not benign. First, refusal to acknowledge that social inequities cause observable health inequalities allows doctors to assume a level playing field in which the demands of equity are met by providing equal health care to all who access their services. This approach assumes that justice is achieved by treating all patients equally, as if their capacities, access to resources, supports and social capital were all equal. It neglects to notice that patients are not all equal in these respects, and that justice requires us to take such inequalities seriously. Second, silence suppresses evidence that doctors themselves contribute to socially mediated health inequities through differential treatment of patients based upon age, gender, education, ethnicity and so forth. 40 There is no comparable evidence concerning surgeons' responses to obvious social inequities affecting the health of their patients; but it seems plausible that their responses would resemble those of their medical colleagues. Indeed, as surgery is very much an action-based practice, feelings of powerlessness in the face of social factors may be exacerbated in surgeons, with a concommitant tendency to ignore them or consider them excluded from the scope of surgical practice. To the extent that surgeons, like other doctors, are reluctant to engage with social factors, inequities may remain invisible and unaddressed.
A third barrier to justice in surgery relates to the role of, and perceptions about research in surgery. As we have argued, effectiveness data is essential to inform safe and equitable practice; however collecting, analysing and disseminating effectiveness data is painstaking work which must involve the whole of the profession, rather than a few research surgeons. There are several reasons why achieving a shift towards this kind of research culture may be difficult. First, there is no strong tradition of research in surgery; surgical practice has been widely criticised for being unscientific, and for the lack of research evidence proving surgical interventions to be safe and effective. 41 , the focus has tended to be on the need for more RCTs in surgery, and the challenges of performing such RCTs. This focus has directed attention away from the serious and prior question about what kinds of research will best serve the needs of patients. Third, collecting effectiveness data lacks the prestige and excitement of partaking in an RCT investigating a novel therapy. Effectiveness research does not require the imagination and creativity sometimes considered integral to the researcher role, and may thereby be less appealing to researchers and practitioners alike. Next, effectiveness research potentially involves many in the profession, rather than a few dedicated pioneers, creating challenges in motivating and organising large numbers of individual surgeons working across a range of settings. Finally, funding is scarce for surgical research, yet collecting the large data sets necessary for assessing effectiveness is costly. While device manufacturers may fund research into a novel device, they are less likely to want to fund longitudinal studies, such that acessing the resources to perform the research may be difficult.
For all of these reasons, we are a long way from a culture in surgery in which research is the norm; the 'right' research is performed; and the results reliably used to inform practice. 44 Yet we need studies of effectiveness, as without these, we are left with inappropriate interventions in use, wide variations in practice, and inequitable outcomes.
Conclusion
To avoid creating or exacerbating health inequities, effective surgical interventions must be provided in an equitable manner across patient populations. Failure to do so risks abandoning patients to ineffective treatments, expensive care or unjust patterns of care. There are compelling reasons to track surgical interventions, and to insist that effectiveness research complements all promising efficacy research. While studies of effectiveness like those of efficacy, have their limitations in directing individual treatments, 45 the information they provide is essential for ethical and just practice. Provision of a high quality and equitable service requires that procedures be systematically appraised for effectiveness throughout their clinical use. 46 However, achieving a culture in which effectiveness data is collected and acted upon requires a major shift within the culture and research practices of surgery, and current models of surgical training and education. It is beyond our scope here to do more than gesture at the changes necessary to achieve such a shift, which at a minimum would require: action at the level of individual surgeons in collecting data and using evidence; acceptance by the surgical fraternity of the need for evidence to justify practice; institutional support for collecting data and implementing effective treatments; governement support for the costs incurred in collecting data and making results available; and education and support for patients and the general population better to understand why effectiveness matters. In particular, surgical practitioners have a responsibity to contribute where they can towards generating evidence as to the effectiveness of their preferred interventions; justice requires more than the application of technical skills for the benefit of individual patients.
Of course, collecting evidence of effectiveness alone is no guarantee of equity; nevertheless it is an essential step. Further decisions about rationing would remain. However, irrespective of the method of rationing used, information about effectiveness is critical to the decision.
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Only with widespread generation and use of effectiveness data can the best and the most just surgical care be provided.
